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Next	  genera'on	  sequencing	  (NGS)	  
Sanger	  sequencing	  vs.	  NGS	  

NGS	  for	  a	  human	  genome	  
•  Illumina’s	  Xten	  
•  ~3	  days	  (Q1	  of	  2014)	  
•  ~$1500	  including	  library	  prep	  	  	  

Sanger	  sequencing	  
•  Human	  genome	  project	  
•  1990	  ~	  2003	  
•  ~3	  billion	  dollars	  
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Second	  genera'on	  sequencers	  
Illumina	  

Sequencers	  
•  Xten	  (Numbers	  are	  for	  reference	  only,	  

contact	  the	  company	  for	  details)	  
–  320	  human	  genome	  sequencing	  per	  

week	  (0.5	  hr/human	  genome)	  
–  Available	  from	  the	  first	  quarter	  of	  2014	  

•  HiSeq-‐2500	  
–  27	  hr/human	  genome	  in	  30x	  
–  Available	  since	  2012	  

•  NextSeq	  500	  
–  29	  hr/human	  genome	  in	  30x	  
–  Available	  from	  January	  14th,	  2014	  

•  MiSeq	  
–  Appropriate	  for	  exom	  sequencing	  (5GB/

day)	  è	  ~18	  days	  for	  30x	  human	  whole	  
genome	  sequencing	  

Key	  Technologies	  
•  Sequencing	  by	  synthesis	  
•  Bridge	  amplifica'on	  
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DNA	  

1.	  FragmentaJon	  

2.	  Library	  
construcJon	  

DNA	  fragment	  

3.	  AMach	  	  
&	  

amplify	  

4.	  Sequence	  	  
by	  

synthesis	  

How	  does	  Illumina’s	  HiSeq	  work?	  
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Next	  Genera'on	  Sequencer	  	  
&	  	  

low	  quality	  base	  calls	  

•  Even	  the	  most	  recent	  NGS	  sequencers	  
generate	  base	  calls	  with	  high	  error	  rate!	  



Good	  quality	  =	  sequence	  believable	  

Bad	  quality=	  sequence	  unbelievable	  
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PHRED	  
Score	  

(Example)	  Quality	  of	  a	  read	  

Base	  posi'on	  
Sequence	  

Quality	  



Good	  quality	  =	  sequence	  believable	  

Bad	  quality=	  sequence	  unbelievable	  
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PHRED	  
Score	  

(Example)	  Quality	  of	  a	  read	  

Base	  posi'on	  
Sequence	  

Quality	  



What	  would	  you	  do	  with	  the	  base	  calls	  
of	  high	  error	  rate?	  è	  Trimming	  

•  Currently,	  trim	  them	  off!	  

Trimming	  



How	  to	  trim	  if	  you	  have	  mul'ple	  
regions	  of	  low	  quality?	  



ALTERNATIVE	  WAY?	  
	  
è	  MASKING	  



Masking	  

•  Masking:	  Subs'tute	  a	  base	  with	  low	  quality	  as	  ‘N’	  

Masking	  



(Q)	  WHICH	  ONE	  IS	  BETTER?	  
	  
	  	  	  	  	  	  	  MASKING	  OR	  TRIMMING?	  



A	  recently	  accepted	  manuscript	  	  
at	  BMC	  Bioinforma'cs	  

Masking	  as	  an	  effecJve	  quality	  control	  method	  for	  next-‐
generaJon	  sequencing	  data	  analysis	  

	  	  
Sajung	  Yun1,	  Sijung	  Yun2§	  
	  
Abstract	  	  

	  Next	  genera'on	  sequencing	  produces	  base	  calls	  with	  low	  quality	  scores	  that	  can	  
affect	  the	  accuracy	  of	  iden'fying	  simple	  nucleo'de	  varia'on	  calls,	  including	  single	  
nucleo'de	  polymorphisms	  and	  small	  inser'ons	  and	  dele'ons.	  	  Here	  we	  compare	  
the	  effec'veness	  of	  two	  data	  preprocessing	  methods,	  masking	  and	  trimming,	  and	  
the	  accuracy	  of	  simple	  nucleo'de	  varia'on	  calls	  on	  whole-‐genome	  sequence	  data	  
from	  Caenorhabdi+s	  elegans.	  	  Masking	  subs'tutes	  low	  quality	  base	  calls	  with	  ‘N’s	  
(undetermined	  bases),	  whereas	  trimming	  removes	  low	  quality	  bases	  that	  results	  in	  
a	  shorter	  read	  lengths.	  
	  …	  

	  



Study	  design	  



Study	  design	  





Study	  design	  



Masking	  (0%	  FP)	  vs.	  Trimming	  (2.3%	  FP)	  

Aligners	  

No quality control	   Trimming	   Masking	  

TP	   FP	   TN	   FN	   TP	   FP	   TN	   FN	   TP	   FP	   TN	   FN	  

BWA	   35 	  
2	  

(2.3 %)	  
84 	   2	   35 	  

2	  

(2.3 %)	  
84 	   2	   35 	  

0	  

(0 %) 	  
86 	   2	  

BOWTIE2	   35 	  
6	  

(7.0 %)	  
80 	   2	   35 	  

2	  

(2.3 %)	  
84 	   2	   35 	  

0	  

(0 %) 	  
86 	   2	  



Masking	  was	  correct	  not	  to	  call	  as	  a	  SNP	  

No	  pre-‐processing	   Trimming	   Masking	  



THEREFORE,	   MASKING	   WAS	  
EFFECTIVE	   IN	  REDUCING	   ‘FALSE	  
POSITIVE	  RATE’	  IN	  SNP	  CALLING	  



HOW	   ABOUT	   FALSE	   NEGATIVE	  
RATE?	  	  



Masking	  &	  Trimming:	  	  
No	  effect	  in	  false	  nega've	  rate	  

Aligners	  

No quality control	   Trimming	   Masking	  

TP	   FP	   TN	   FN	   TP	   FP	   TN	   FN	   TP	   FP	   TN	   FN	  

BWA	   35 	  
2	  

(2.3 %)	  
84 	   2	   35 	  

2	  

(2.3 %)	  
84 	   2	   35 	  

0	  

(0 %) 	  
86 	   2	  

BOWTIE2	   35 	  
6	  

(7.0 %)	  
80 	   2	   35 	  

2	  

(2.3 %)	  
84 	   2	   35 	  

0	  

(0 %) 	  
86 	   2	  



Masking	  &	  Trimming:	  	  
No	  effect	  in	  false	  nega've	  rate	  

Aligners	   No quality control	   Trimming	   Masking	  

BWA	   104,858 (6.4 %)	   105,355 (6.0 %)	   104,775 (6.5 %)	  

BOWTIE2	   104,422 (6.8 %)	   104,470 (6.8 %)	   104,297 (6.9 %)	  

P-‐values	  from	  χ2	  test	  for	  significance	  >	  0.05	  



WHY	  ARE	  PRE-‐PROCESSING	  
METHODS	  NOT	  EFFECTIVE	  IN	  
REDUCING	  FALSE	  NEGATIVE	  RATES?	  	  



False	  nega've	  due	  to	  low	  coverage!	  

No	  pre-‐processing	   Trimming	   Masking	  

(Example	  1)	  

(Example	  2)	  



HOW	  ABOUT	  INDELS?	  	  



No	  effect	  for	  Indels	  

Aligners	  

No quality control	   Trimming	   Masking	  

True- 
Positive	  

False- 
Negative	  

True- 
Positive	  

False- 
Negative	  

True- 
Positive	  

False- 
Negative	  

BWA	   20	   2	   20	   2	   20	   2	  

BOWTIE2	   20	   2	   20	   2	   20	   2	  



IS	   THE	   LOCAL	   ALIGNMENT	   MORE	  
EFFECTIVE	  THAN	  PRE-‐PROCESSING?	  	  



Pre-‐processing	  works	  beDer	  	  
than	  local	  alignment	  in	  false	  posi'ves	  

No quality control	   Trimming	   Masking	  

Global 
alignment	   7.0 %	   2.3 %	   0 %	  

Local 
alignment	   5.8 %	   2.3 %	   0 %	  



Summary	  

•  Take	  home	  message	  
– Masking	  is	  more	  effec've	  in	  reducing	  false	  
posi've	  rate	  in	  SNP	  calling	  than	  trimming	  

•  Minor	  findings	  
– Pre-‐processing	  (masking	  or	  trimming)	  not	  
effec've	  in	  reducing	  	  
•  false	  nega've	  rate	  
•  Indel	  discovery	  

– Pre-‐processing	  more	  effec've	  than	  local	  
alignment	  in	  reducing	  false	  posi've	  rate	  






